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INTRODUCTION 


This is a paper about civil defense operations under conditions of fallout. 
It is written for local directors and their civil defense operating staff rather 
than for their Radiological Service personnel, 

Much of the material about fallout written to date has been phrased in the 
techniéal language of the Radiological Service, This has been necessary; much 
more will be written as more is learned. 

Before local directors and their steffs can make operational decisions 
under fallout conditions, they mst know what actions the radiological situation 
will permit them to perform and where and when they can safely take various 
types of action. 

The staff of the Commission has been working on this problem for the past 
year. Largely through the joint efforts of the Welfare Service and Radiological 
Service personnel we have developed some tools that translate the technical data 
into the language of operations, 

These tools as called Fallout Effects Maps, They were presented and dis- 
cussed at a Seminar for Directors on Radiological Defense early in February, In 
the National Civil Defense Exercise - OPERATION ALERT - 1959 ~ they will form the 
basis for the actions to be taken under the fallout conditions of an assumed 
attack, We mst work with these tools, learn to use them and thereby learn how to 
lessen the effects of fallout on our people. 

In post-attack rescue and relief operations civil defense directors mist be 
prepared to cope with all three cf the major effects of a nuclear attack - blast, 
heat and radiation, The manual on "Civil Defense Rescue and Relief Operations" 


published by the Commission in October 1958 dealt mainly with the problems resulting 


from blast and heat, This paper ¢eals with some of the operational problems 
arising out of the third effect - radiation, It should be used in conjunction 
with the Rescue and Relief Manual and considered as a preliminary release of 
Chapter 22 of that Manual, 

This does not rescind the paper entitled "Fallout Effects Maps" 
(January 1959) and the supplement thereto released in February with illustrations, 


Minor revisions have been made and the material has been reorganized for easier 


use, CRhbse 


Director 
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FALLOUT EFFECTS MAPS 


A Fallout Effects Map is a map - or an overlay for a map = 
that shows the times and places at which gamma radiation from fallout 
will have a given effect on people under given conditions, It is a 
"“question-enswering map" that can be used in making operational 
decisions, Since civil defense personnel will need to lmow the answers 
to many questions about the effects of fallout radiation at various 
times, under various conditions of shelter, and in terms of various 
emergency conditions, they will need to have a number of fallout 
effects maps, 

All Fallout Effects Maps are based on an isointensity-isochrone 
map that must be prepared by the Radiological Service technicians from 
reported data, The isointensity-isochrone map shows the points at 
which various intensities of gamma radiation were or were assumed to be 
present at one hour after a nuclear explosion. These intensities are 
dose-rates expressed in roentgens per hour and they are referred to as 
reference dose rates as they serve as the reference data from which other 
intensities and all dosages are calculated, These reference dose rate 
intensities are not dosages that would actually be received by people at 
various times and places. A sample isointensity-isochrone map is shown 
following page 4. 

Even if a Director were shown the places in which people would re- 
ceive equal dosages, he would then have to figure out what effects 
those dosages would have on people, Im order to make operational de- 


cisions, a Director mist be able to see the lines along which the 
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radiation dosages that people receive will have an equal effect on 
them, Within such boundary lines the effects of exposure to fallout 
radiation would be greater, These lines and areas are shown on 
Fallout Effects Maps, 

Before we can translate the technical data found on the isointensity- 
isochrone -ap into material useful for operations, we must determine spe- 
cifically what we want to mow, For example, we may ask "Where will 
people be able to leave their shelters at two days after bomb burst?" 

This question cannot be answered until it is made more specific, The 
question mst state when the people entered their shelters, the attenuation 
factor of the shelters, and the maximm permissible dosage that the Director 
(or State policy) has established for such people, Thus the above question 
might properly be phrased as follows: "Where will people who, from the 
time fallout began, have remained continuously in shelters with an 
attenuation factor of 10, be able to leave their shelters at 2/4 hours after 
bomb burst to live normally without exceeding a maximum permissible dosage 
of 75 r in a month or 200 r in a lifetime?” 

That question can be answered by drawing a line on a Fallout Effects 
Map or acetate overlay. Within such a line the dosages received would be 
greater or departure time would have to be delayed longer, The same map 
can show, by lines, where people under the same conditions can leave their 
shelters at 12 hours, 36 hours, etc. Or the same question could be re~ 
phrased to ask where and when people can leave shelters with other attenuation 
factors or with other maximim permissible dosage standards, The answers 


could be given by other lines drawn on the same or on another map or map over~ 


lay. 
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Types of Fallout Effects Maps 


Several types of Fallout Effects Maps can be prepared to show 


lines or areas requiring certain types of radiological defense measures, 


These types include: 


a. 


le 


Entry-Stay Times: When and where civil defense workers can enter 
to work a given number of hours without exceeding a given dosage. 
Times to Leave Shelter to Resume Norma) Living. 


Evactiation Areas: The areas that must be evacuated at given times 


to avoid exceeding a given dosage of gamma radiation. 


Return Times After Evacuation: The times after bomb-burst at which 


evacuees can safely return to their homes, 


Death and Radiation Sickness Areas: The areas in which various 


percentages of the population with shelter of a certain radiation 
attenuation factor may be expected to die or become sick from re- 


ceiving excessive exposures, 


Basic Method of Preparing Fallout Effects Maps 


The method of preparing a Fellout Effects Map will be stated briefly 


here; it is explained in some detail with reference to types of maps later 


in this paper. The steps are these: 
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Prepare an isointensity-isochrone map for the area, It may be one 
or more days after the attack before the Rediological Service staff 
has enough data to prepare this map, No Fallout Effects Maps can be 
draw until an isointensity-isochrone map is completed, 

Determine the maximum permissible dosage that is not to be exceeded, 
Make assumptions or estimates of the extent to which the people were 


or will be exposed to the radiation present. These assumptions 


i 
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Bim 
or estimates will include the degrees of shelter protection (atten 
uation factors) and the lengths of time that the people are exposed 
in and out of their shelters, 
By using various graphs and tables published by the State Civil Defense 
Commission, locate various points on the isointensity-isochrone map at 
which the "fallout effect" will occur, The graphs and tables needed 
for many Fallout Effects Maps have been released in New York State Civil 
Defense Radiological Service Operations Manual OM 11-4 (17 Jan 1948 and 
1949 Supplements), Specific reference to some of these papers is made in 
the following pages. 
It is important to recognize that the figures shown on the tables and de- 


rived from the graphs are applicable to any size bomb and tc any effective 
wind, Bomb-size and winds at various altitudes determine the size and 


shape of the isointensity-isochrone map, Once that is dram, the location 


of points needed for plotting a fallout-effects map can be determined and 
then the lines can be quickly draw, 

Place an acetate overlay over the isointensity-isochrone map and plot the 
points located, Connect the plotted points with a smooth curve. 

Place the overlay over a map which does not have isointensity-isochrone 
lines on it so that the areas in which the effects occur can be readily 
seen, The overlay then shows clearly a line or an area (or both) of 


operational significance. 
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ENTRY-STAY TIMES - FALLOUT EFFECTS MAP 


Fallout Effects Maps can be drawn which show the lines along 
which CD workers may enter at various times after bomb-burst to stay 
for various periods of times without exceeding allowable dosages for 


cD workers, 

Use the "Entry-Stay Exposure Graph" published by the Commission 
on 15 March 1958 and included in OM 11-4. (Copy of graph attached). 

Example: A Director wishes to know how far into the fallout area 
a "Class A" Civil Defense Worker may enter at 12, 24, 36, 48 and 72 hours, 
etc., after burst, to work for 8 hours without receiving more than 100 x 
dosage. He is able to send in workers from areas with no fallout so they 
are considered to be "previously unexposed" persons, 

On the "Entry-Stay-Exposure Graph" the 12 hour entry time point is 
noted on the bottom line. Move up from that point until the 8 hour 
"Time of Stay" line is reached. Move across the graph to the left and 
read 0.3. Divide the allowable dosage of 100 r by 0,3; the result is 
the isointensity line (333 r/hr,) at which a 100 r dosage will be received 
from H ¢ 12 hours to H # 20 hours (an 8 hour time of stay), Note that the 
same dosage will be received along the 333 r/hry isointensity line regard- 
less of when the fallout began toe come dow, This is because it is assumed 
jn this case that the fallout has 211 come dow by H 4 12 hours or earlier 
and that the worker was not exposed during the earlier hours, 

Note thet this computation does not take into account the dosage the 


worker received while moving into and out of the radioactive area, This 
would be difficult to compute because of the various intensity areas he 
would pass through, However, we have assumed that he would be fully ex~ 


posed during the 8 hours of work, It is possible that the dosage he would 
receive in travel would balance the dosage he would avoid by being partially 


shielded during some of his working time, 
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Place an acetate overlay over the isointensity-isochrone map. 
Locate the 333 r/bry line on the map and trace it onto the overlay. 
The extent to which the 333 r/hrz line reaches downwind can be ap- 
proximated in relation to the downwind extent of the isointensity 
contour lines already drawn on the map. It will reach somewhat less 
far downwind than a 300 r/bry line which is usually drawn on an iso~ 
intensity-isochrone map. The 330 r/pry line is the entry-stay-time 


line along which a worker arriving at the time indicated may work for 


8 hours without exceeding his allowable dosage of 100 r. Just inside 
the line he could work a little less than 8 hours. 
The lines for the 24, 36, 48 and 72 hour and other times of 


entry would be determined by the same method. 


ENTRY-STAY-TIME TABIES BASED ON STANDARD ASSUMPTIONS 


The following tables furnish data for preparing radiation ef= 
fects maps for stay times based upon the same entry times but for two 
different standard allowable exposure dosages. 

- Allowable Dosage - 100 r 


~ Stay Time - 8 hours 
Approximate r/hry line 


- ‘Allowable Dosage - 25 r 
- Stay Time - 8 hours 


Approximate r/hr1 line 
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16. If one wishes to know the lines along which one could work 
for 2 or 4 or any other number of hours at various times after 
burst (and after fallout is all down) without receiving more than 
a stated dosage, the same procedure can be used to develop a fall- 
out effects map that will show this information graphically. 


17. SAMPIE = ENTRY-STAY TIMES MAP OVERLAY 


- Class "B" CD Workers 
- Allowable dosage = 25 r in 8 hours 


The lines are those along which a worker arriving at the time- 
after-burst indicated may work for 8 hours without exceeding 25re 
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SCALE OF MILES 
10 0 10 2030 40 


CATTARAUGUS. 


(This overlay is based upon the 2 MT — 20 MPH 
Effective Wind Isointensity-Isochrone Map shown 
following page 4.) 
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19, 


20, 
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LEAVE SHELTER TIMES — FALLOUT EFFECTS MAP 

A "leave Shelter Time” line is a line on a map along which people, 
who have remained continously in shelter of a given attenuation factor 
since fallout began, may safely leave their shelter at a given time to 
live normally thereafter, 

A map on which such lines are drawn is a Fallout Effects Map be- 
cause it shows the points at which a given maximum permissible dosage 
can be avoided under given conditions, In an area within such a line, 
people would receive more than the maximum permissible dosage under the 
same given conditions, 

ILLUSTRATION 

Problem: to draw "leave shelter time" lines showing the times and 
places at which people who have been continuously in shelter with an 
attenuation factor of 10 from the time fallout began in their isochrone 
area may leave their shelters to live normally (receiving 50% of the 
outside radiation) without receiving more than 75 r in a month or 200 r 
in a 70 year lifetime, 

MErHoD 
a. Using the graph "Guide to Evacuation Due to Excessive Gamma 

Radiation from Fallout", (copy attached) locate on the isointensity- 

isochrone map the reference dose rate intensities for several leave- 

shelter times (14 days, 7 days, etc.,) for each isochrone shown on 


the graph, The points for the problem noted above are approximately 


as follows: 


226 


nO 


Shelter Attenuation Factor (AF)- 10 


ISOCHRONES 


Time 
After Burst 


14 days 
7 days 
3 days 
2 days 

24, hours 


Note that the 14 day "Leave Shelter Line" is identical with the 
Fallout Evacuation Line for shelter with an attenuation factor of 10, 
Just outside the line eons need not evacuate to avoid the danger of 
excessive dosage; just inside it they must either evacuate or remain 
longer in shelter, 

be Plot on an overlay over the isointensity-isochrone map the points for 
each "leave shelter time," Draw lines comecting the points, 

c. Place the overlay over a clean map (without isointensity-isochrone 


lines) so that the lines can be clearly seen, 


Other "leave shelter lines” can be drawm as map overlays on the assumption 
of shelter attenuation factors of 100 or 1000, from data on the same graph 
"Guide to Evacuation Due to Excessive Radiation from Fallout." Computations 
for other shelter attenuation factors can be made by Radiological Service 


personnel from graphs and procedures published in OM 11-4. 
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23. SAMPIZ - IBAVE SHELTER TIMES MAP OVERLAY 


- Maximim permissible dose - 75 r ina month or 
200 r in a 70 year lifetime 7 


- Shelter attenuation factor - 10 
- Dosage after leaving shelter - 50% of full exposure 


The lines are those along which persons may leave shelter 
at the indicated times after burst without exceeding the 
permissible dosage. 


Fateh 


— 


ae 


TTARAUGUS. 


SCALE OF MILES 
<< 
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(This overlay is based upon the 2 MT - 20 MPH 
Effective Wind Isointensity-Isochrone Map 
shown following page 4). 


PERIOD AFTER BOMB BURST SPENT IN SHELTER OF TYPE INDOOATED 


Th ; ET Ta T 
SELECTION OP APPROPRIATE GRAPE 


Use the graph applicsble to the isochrone tine of 
arrival of fellout a shor ty the musber of hours appearing 
Rext'te each graph, and to the ind of wuelter occupied as 
‘thom ‘by the Following types of graph Linas 


Frame house tsouent with an attenuation 
factor of 10 


—— — — feesteniy constructed shelter tne tra 
house tacenent, or its oquivalent clasnore, 
with en attenuation factor of 100 


+= Belov ground~level tesement of a reenforced 
building or a apecially constructed cuteide 
shelter surrounded ty at lease three fect of 
moked earth or to feot of concrete, with an 
attenuation factor of 10% 


AMEA CONTAMINATIGN IN TERMS OF 175 x/nry REVERSICE DOSE RATE AT ONE HOUR AFTER BOM coRST 


‘AS COSVERTSD FROM MONITORS REPORTS OF RADIATION AT TIMES OBSERVED 


ANSA COTAMINATTGH In TERS OF ITS p/ney REFERENCE DOGS RATE AT ONE HOUR APTER SAID DURST 


AS CONVERTED FROM MONITORS REPORTS OF RADIATION AT TIMES OBSERVED 
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EVACUATION FROM FALLOUT AREAS FALLOUT EFFECTS MAP 


i 


Lines may be drawm on a Fallout Effects Map enclosing areas from. 


which residents must be evacuated if they are to avoid receiving in ex- 


cess of a given maximum permissible dosage. 


Several factors mst be assumed before the calculations can be made 


and the location of the lines determined, They are as follows: 


a. Maximum Permissible Dosage for the General Population. 


This is tentatively established in New York State as 75 r ina 
month or 200 r in a 70 year lifetime, whichever is applicable. The 
75 r in a month figure is applicable up to the 250 r/ory line for 
persons in shelters with an attenuation factor of 10 or better; above 
that intensity the 200 r - 70 year figure applies. 


Shelter from Gamma Radiation before Evacuation. 


Tt has been assumed that the average person in the State could find 
shelter with an attenuation factor of 10 (framehouse basement), This 
factor was used in calculations for OPAL - 58 and in current studies. 
Calculations may also be based on other attenuation factors such as 
0-(no shelter), 100, 1,000, and "perfect." 
length of Stay in Shelter before Evacuation, 

It is highly improbable that any general evacuation from a fallout 
area could be initiated before 7 days after bomb-burst; a delay until 
14 days after burst may well be necessary to complete essential 
administrative and logistical arrangements, It takes time to gather 
and record radiological data and to develop an evacuation plan. Purther, 
it is doubtful that the population would be able or willing to stay in 
present-day home shelters for more than 2 weeks. Tt is assumed that 
framehouse basements or better shelters will have been stocked in advance 


with food and the other facilities necessary for a continuous stay of two 
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weeks, For calculating purposes it will be well to assume that the 
average person went into his shelter before fallout began and remained 


there continuously until an evacuation operation is started. 


da, Dosage at Home after Leaving Shelter 


The State has assumed that when people leave their shelters they 
will live and work normally rather than on a restricted basis. On 
this assumption, the dosage after leaving shelter has been computed 
at 50% of the dosage that would be received at full exposure. A 
"Fallout Evacuation Map" can be drawn on this assumption, The decrease 
in the fallout radiation that may be caused both by "weathering" — 
rain or snow - and by a later more rapid decay rate is not taken fully 
into account in the 50% assumption, For this reason it may be desirable 
to assume that the dosage received after leaving shelter would be a still 
smaller percentage of the dosage that would be received under conditions 
of full exposure, Such an assumption would result in lesser dosages, and 
the areas requiring the same radiological defense action would be reduced 


in size, 


Method_of Calculation and Preparation of Evacuation-from-Fallout 
Areas Map 


Use the "Guide to Evacuation Due to Excessive Gamma Radiation From Fallout" 
(See OM 11-4). (Copy attached following page 10), It is based upon the 
assumptions that evacvation is from shelters with attenuation factors of 
10, 100 and 1000; that there is exposure to only 50% of the outside 
radiation during normal living; and that it is desirable to avoid exposures 
in excess of 75 r in a month or 200 r in 70 years, The graphs will give 
points at each isochrone intersection of the isointensity lines at which 


evacuation is necessary under the above assumptions and factors, 


Ir 
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Calculations based upon other factors, such as a lower dose rate in 
normal living or on a different maximum permissible dosage, can be 
made by Radiological Service persomel, 
Place an acetate overlay over the isointensity-isochrone map, Locate 
the points on the isointensity lines at their intersections with each 
relevant isochrone, 
Connect the points with a smooth curved line, This becomes the fallout 
effects map overlay for evacuation under the conditions stated above. 
Place the overlay over a: map without isointensity-isochrone lines and 
note the area inside the line, The line on the overlay bounds the area 


that mist be evacuated, 


== 
Evacuation Tables Based on Certain Standard Assumptions: 


27. EVACUATION DUE TO FALLOUT - AFTER 2 WEEKS IN SHELTER 


- Maximum Permissible Dosage - 75 r month or 200 r - 70 yearse 

- Evacuation Time - H + 14 days. 

- Attenuation Factors - 10, 100, 1000 and "perfect". 

- Normal living after leaving shelter - 50% full exposure 

- Areas within which evacuation is necessary are shown by the in- 
dicated r/nr, reference dose rate isointensity lines. 


Isochrone SHELTER ATTENUATION FACTOR 
100 1000 Perfect 


28. EVACUATION DUE TO FALLOUT AFTER 7 DAYS IN SHELTER 


= Same assumptions as in Table above except evacuation at H +7 days 


a, 
Isochrone SHELTER ATTENUATION FACTOR 


= ihe 


29. SAMPLE — EVACUATION FROM FALLOUT AREAS MAP OVERLAY 


- Maximum permissible dosage - 75 r ina 
month or 200 r in a 70 year lifetime 


- Shelter attenuation factor - 10 
~ Evacuation at H+4+14 days 


~ Normal living after leaving shelter (if 
not evacuated) - 50% of full exposure 


The line encloses the area that must be evacuated if 
residents are to avoid an excessive dosage, 


(This overlay is based upon the 2 MI - 20 MPH Effective 
Wind Isointensity-Isochrone Map shotm following page be 


258 
RETURN TIMES AFTER EVACUATION FROM FALLOUT 


RETURN TIMES AFTER EVACUATION #RUn aie 

30. Return Time Fallout Effects Maps are map overlays which show the 
areas to which persons who have been evacuated can return to their homes 
at various times after bomb-burst without receiving a totel dosage in ex= 
cess of the specified maximum permissible dosage. 

Bas Each Return Time Map Overlay must be related to a specific Evacuation 


Map overlay; it must be based on the same shelter standards and assumptions 


of? 
- Maximum permissible dosage, 
- Attenuation factor of shelter, 
- length of stay in shelter. 
32. In addition, a Return Time Mep mst take three other factors into con- 
sideration: 
=-- Dosage received in evacuation travel time 
--- Dosage during stay in reception area, 
-—- Dosage after return to evacuated area, 
Dosage Received in Travel Time 
33. To be on the safe side, it is assumed that the dosage received in a 


given number of hours of evacuation travel time is the same as would be 
received during the same number of hours in the area from which the persons 
are being evacuated, Thus the dose rate or intensity in the evacuation area 
at the time the movement starts is mltiplied by the number of hours that it 
takes to reach the reception area, 

3A. For situations such as those assumed to have been present during 
OPAL - 1958 the State staff has been using a 4-hour travel time figure in 


computing its graphs and illustrations. 
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Dosage Received in the Reception Area 


The dosage that an evacuee would receive while living in the 
reception area will depend on the intensity of gamma rediation in 
the area while he is there, on the length of his stay, and on the 
extent to which he is shielded during his stay. The State staff has 
assumed that an evacuee would "live normally" while in the reception 
area; that is, he would not live in a shelter but would spend part of 
his time indoors and part outside, On this basis, it is assumed that 
an evacuee would receive 50% of the outside radiation present (50% of 


the calculated maximm possible exposure). 


Dosage After Return Time to the Evacuation Area 
Again, the dosage that an evacuee would receive after his return 


will depend on the intensity of the radiation in the evacuation area 
from the time of return until he leaves the area or dies, and on the 
amount of shielding from the radiation present during that time period, 
In order to estimate the time of safe return, the State staff has 
again assumed that people will receive 50% of the outside radiation at 
their homes, And it has assumed that evacuees will continue to-live in 
their home areas from the time of return until 70 years after bomb-burst. 
The latter assumption obviously will not apply to adults nor to people 
who move away or die earlier from natural causes. It may well apply to 
children who will make up a significant percentage of any evacuee group. 
Computations can be based, of course, on any other assumption. 


Method of Calculation and Preparation of Return-T imes- 
After-Evacuation Map 


Use the following graphs prepared by the State Civil Defense 


Commission and released in early 1959 in Chapter VIII of OM 11-4. (Copies 
are attached), Similar graphs, based on other assumptions, can be pre- 


pared as explained in that chapter. 
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"Permissible Return Times to Evacuated Areas from Reception Area 
Free of Radiation Contamination," 


This graph can be used for reception areas with no radiation 

(0 x/nr,). 

"Permissible Return Times to Evacuated Areas." 

This graph can be used only if it is assumed that the evacuation 

began at H # l, days, that the attenuation factor in the evacuation 

area before leaving home was 10, that the travel time was 4 hours, 
and that the reception area had an intensity of 50 r/nr,. 

Place an acetate overlay over the isointensity-isochrone map and. 
locate on it the points of intersection of the isointensity lines at 
each relevant isochrone for standard return times such as 6 months, 1, 

5, 10, 20 and 70 years (never), Certain of these isointensity line 
values are read from the graphs in 38 a or b above, For other situations 
other graphs can be prepared as indicated above. 

Connect the points on the overlay, with smooth curved lines for 
each return time, 

Place the overlay over a map without isointensity~isochrone lines 
and note the areas thet fall between the lines, The area inside the 
70 year (never) line is the area to which people cannot return until 
70 years or more after bomb-burst without receiving more then the maxi- 
mim permissible dosage. The area between the 70 year line and the 20 
year line is the area in which people can return at times between 20 
years and 70 years after bomb-burst, etc, See also paragraph 37 
relative to persons of different ages, and paragraph 25 d relative to 
possible shortening of calculated return times due to heavier 


weathering and more rapid decay than considered. 
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PERMISSIBLE RETURN TIMES TO EVACUATED AREAS 


PROM RECEPTION AREAS FREE OF RADIATION CONTAMINATICN 


These graphs apply only to evacuess evacuated to an uncontaminated 


area during 2 four-hour evacuation at two weeke after a nuclear 
explosion, after having spent those first two weeks in s frame 
house basement paving @ radiation attenuation factor of ten (10). 


These graphs will not apply for circumstances other than those 


stated. 


The graphs are based upon # maximum permissible exposure dosage {fi 


of 75r during the first month after the explosion, or of 200 © 


over a 70-year lifetime. It was assumed that during normal E 
living and work one becomes exposed only to half of the radiation 


calculated when making no allowances for shielding, distanc 
weathering, or changes in the decay rates of fission produc. 


These graphs must not be confused with the similar earlier 


graphs "Permissible Return Times to Evacuated Areas" which apply 
to a reception area contaminated with a reference dose rate of a 
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AREA CONTAMINATION IN TERMS OF ITS r/hr, REFERENCE DOSE RATE AT ONE HOUR AFTER BOMB BURST 
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1,100 | PERMISSIBLE RETURN TIMES TO EVACUATED AREAS 


4 These graphs apply only to evacuees who spent the first 
peo * two weeks in a frame-house basement having an attenuation 


factor of ten (10), and who then were evacuated in four (4) 
hours to a reception area having an r/hry reference-dose- 
rate contamination of 50 r/nr;, Similar graphs for deter= 
mining the return times of evacuees differently sheltered 
and evacuated, can be prepared from information calculated 
by means of the graphs on the form "Reference Data for 
Getermining Return after Evacuation", obtainable from the 
New York State Civil Defense Commission. 
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RETURN TIME TABLES BASED ON STANDARD ASSUMPTIONS 


Return Times After Evacuation Due to Fallout - 
Reception Area of No Contamination (0 r/hr;) 


Maximum permissible dosage 75 r in a month or 200r in 70 years 


Evacuation Time - H + 14 days - Attenuation Factor 10 


Normal living in reception area - 50% full exposure 


Normal living after return ~ 50% full exposure 


Evacuation travel time - 4 hours 


Reception area intensity - 0 r/hry (None) 


RETURN TIMES 


5 years 10 years} 20 years| 70 years 
(Never ) 
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Return Times After Evacuation Due to Fallout - 


Reception Area of 50 r/ar, 


- Meximm Permissible dosage - 75 r in a month or 200 r in 70 years ! 


- Evacuation Time - H / 14 days - Attenuation Factor - 10 


Normal living in reception area -— 50% full exposure 


Normal living after return - 50% full exposure 


Evacuation travel time - 4 hours 


Reception Area intensity - 50 r/nr, 


EIURN TIMES 


5 years} 10 years | 20 years 


Refercnce Dose Kate Contour Lines 
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44 SAMPLE - RETURN TIMES AFTER EVACUATION 
FROM FALLOUT AREAS — MAP OVERLAY 
- Maximm permissible dosage - 200 r - 70 years 
- Shelter attenuation factor - 10 


Evacuation at H#14 days 


- Evacuation travel time - 4 hours 


Reception area intensity - 50 r/or, 
- Normal living in reception area - 50% of full exposure 
- Normal living after return -50% of full exposure 

The lines enclose areas to which evacuated persons may return at 


the indicated times after burst without exceeding the permissible 
dosage of 200 r in 70 years, 
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SCALE OF MILES 


RETURN TIMES 
Return at 1 year to 70 years 


Never Return (70-+-years ) 


(This overlay is based on the 2 MI - 20 MPH Effective Wind 
Isointensity—Isochrone Map shown following page 4)e 
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44. SAMPLE - RETURN TIMES AFTER EVACUATION 
FROM FALLOUT AREAS —- MAP OVERLAY 
- Maximum permissible dosage - 200 r - 70 years 
- Shelter attenuation factor - 10 
- Evacuation at H#14 days 
- Evacuation travel time - 4 hours 
- Reception area intensity - 50 r/nr, 
- Normal living in reception area - 50% of full exposure 
- Normal living after return -50% of full exposure 
The lines enclose areas to which evacuated persons may return at 


the indicated times after burst without exceeding the permissible 
dosage of 200 r in 70 years, 
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Return at 1 year to 70 years 


Never Return (70+years) 


(This overlay is based on the 2 MI - 20 MPH Effective Wind 
Isointensity-Isochrone Map shown following page A)e 
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DEATH AND RADIATION SICKNESS FALLOUT EFFECTS MAP 


A Fallout Effects Map can be prepared to show the lines along which, and 
the areas within which, various percentages of the resident population may be 
expected to die or to become sick due to excessive doses of radiation, if they 
had remained in shelters of given attenvation factors for given periods of 
time, 

Before preparing such a map it is necessary to have established standards 
which give the percentages of persons who are expected to die or become sick as 
the result of receiving a given dosage within a given period of time, Data pro- 
vided by the AEC and OCDM are fairly definite with reference to the effects of 
acute exposure, i.e., exposure within a period of approximately 24 hours, The 
data on the effects of chronic exposure (long exposure to relatively smaller 
dosages) are vague, The State staff believes that a higher percentage of persons 
will die (or become sick) from continuing to being exposed to radiation from 
fallout after an initial 24 hour period, It does not have official data on which 
to base these higher percentages. 

At the present time, and for exercise purposes only, data on 24 hour 
exposures only will be used as the basis for map preparation, In using this 
data, it should be recognized that the numbers of casualties certainly will be 
higher, and probably much higher and the areas on the map larger, in an actual 
fallout situation, This is because people will continue to be exposed to 
dangerous radiation after H 4 24 hours, When more data is received from the 
Federal government, it will be included in guidance material for local Directors. 

The following tabulation gives various death and sickness percentages re- 
These figures 


sulting from acute exposure to gamma radiation from fallout, 


are tentative and for exercise purposes only. 
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Percentages of Death and Radiation Sickness from Various 


Dosages of Gamma Radiation Received in the First 24 Hours after Burst 


Serious Radiation Sickness 
With Recovery 


Accumlated 


2% 
450 r to 700 r 33 
250 r to 450 r 62h 
100 r to 250 r 95 

ab 


Below 100 r 


Method of Calculation and Preparation of a Map Based on Shelter With 


an Attenuation Factor of 10, during the First 24 Hours After Burst. 


Prepare an isointensity-isochrone map. 

Assume an attenuation factor of 10 for the shelter of the average of 

the population, 

For each relevent isochrone line (up to about H+ 6 hours) calculate 

the dosage that would be received between the time fallout began at the 
isochrone line and H # 24 hours from a reference dose rate of one roentgen 
per hour at one hour after burst, Divide the result by 10, These cal- 
culations can be made on a radiological calculating device or they can be 
determined from the graph "Dosages in Roentgens to Infinity from a 
Radiation Intensity of One Roentgen Per Hour as of One Hour After Burst 
(x/tr,)" (illustrated in OM 11-4). 

Divide the dosage figures in ¢ above into the standard exposure dosages of 
700 r, 450 r, 250 r, and 100 r. The results are the r/br, reference dose 


rates of the isointensity lines which, at their intersections with the 


isochrone lines, determine the points on the map at which these dosages will 


be received in the first 24 hours after burst, 


= Phe 
Place an acetate overlay over the isointensity-—isochrone map, 
locate on it the points determined in d_ above, and draw smooth 
curves through these points, These are Death and Radiation 
Sickness lines for the conditions stated, 
Place the overlay over a map without isointensity-isochrone lines 
and note the areas inside of, and between, the Death and Radiation 
Sickness lines drawn, 
Calculate the number of persons who may be expected to die or become 
seriously sick in the delineated areas, as the result of first-24 hour 
exposures, by referring to the percentage table shown above, These 
numbers probably will be low, for the reasons stated earlier, un- 


less the exposure is terminated or greatly reduced at H # 24, hours, 


50. Table of Reference Dose Rates Besed_on Standard Assumptions Relating 
to Death and Radiation Sickness, for Exercise Purposes Only, 


Basic Assumptions 


- Shelter Attenuation Factor - 10, 


- Standard Accumlated Dosages 700 r, 450 r, 250 r, 100 r. 


- Isointensity Lines at which these Dosages will be 
received Between H 4 1 and H f 24 hours only. 


Accumlated Dosages 
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Sis SAMPLE - DEATH AND RADL 
- Effects from accumlated dosages of gamma 


radiation received in acute exposures only 
in the first 24 hours after burst. 


Shelter attenuation factor - 10 


- Standard accumlated dosages, 700r, 450r, 
200r, and 100r. 


The lines enclose areas in which the residents may be expected to 
receive lethal doses or doses that will result in serious radiation 


sickness in the percentages given in the table, 


Accumulated Serious Radiation 
Dosages Sickness with 
Recovery 


700r 4+ 


450r to 700r 


250r to 450r 


100r to 250r 


(This overlay is based on the 2 MI — 20MPH Effective Wind 
Isointensity Isochrone Map shown following page 4). 
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ILLUSTRATIONS OF OTHER FALLOUT EFFECTS MAPS 

The illustrations in the previous pages are based on the surface 
burst of a single relatively small H-Bomb, It was assumed that there 
was no overlapping fallout pattern and that an effective wind of 20 
miles per hour blew the radioactive dust in such a way that the iso- 
intensity lines would be even and smooth, These illustrations are 
valuable because they make it possible to see the process of preparing 
Fallout Effects Maps. 

The maps which follow show the kinds of fallout patterns that 
must be expected - overlapping fallout from a multiple bomb attack 
and highly irregular fallout patterns resulting from variable winds 
and differing terrain. 


Map No, I is an "Evacuation from Fallout Areas Map" based on ' 
the attack assumed in Operation Alert - 1958, It shows the areas 


from which residents who had remained for 14 days in shelter with 
attenuation factors of 10 and "perfect (5000 or better) would have 
had to evacuate to avoid receive 75 r in a month or 200 r in a life- 


time, 
Map No, 2 is a "Return Times After Evacuation Due to Fallout 


Map." It is also based on the Operation Alert - 1958 attack, It shows 
the areas to which evacuees could return at various times and avoid 
200 r in a lifetime provided that they had spent the first 2 weeks in 
a framehouse basement (attenuation factor 10), spent 4 hours in travel 
time, remained for various periods of time in reception areas of 50 
r/or,, and returned to live normally in their home areas. 

Map No, 3 illustrates the type of irregular isointensity-isochrone 


map that might result from a single bomb, It is show here to demonstrate 
that fallout effects maps can be plotted on an irregular pattern in the 
same way that they are plotted on an "idealized one." Two sample fall- 


out effects maps plotted from this isointensity-isochrone map are show, 


MAP NO, 1 
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MAP No, 2 
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56. The two sample Fallout Effects Map overlays shown below were 
developed from the irregular isointensity-isochrone pattern of 
Map No. 3 using figures from tables show earlier in this paper, 


ENTRY-STAY TDES FALLOUT EFFECTS MAP 
- Class "3" CD workers 
- Allowable dosage - 25 r 
- length of stay - 8 hours 


EVACUATION FROM FALLOUY AREAS 
- Evacvation at H+l, days 
- Shelter attenuation factor - 10, 


